II. DEDUCTION OF APPROXIMATE METHOD
The well known integro-differential form of the transport equation may be generally written as it follows, measuring distances in terms of the local mean free path and assuming the material characteristics to be spatially piecewise constant, just for the sake of formal simplicity, since that is the typical situation in nuclear reactors : ( 1 ) Following a standard nomenclature, quite common in the field of applied neutronics, p(x, O) is the direction particle flux at the point identified by vector x, while r(x, O',O) is the given local angular scattering function. Different material configurations may be handled without adimensionalizing Eq. ( 1 ) and, obviously, accepting a by far heavier formal burden.
Finite convex media may be easily treated considering Eq. ( 1 ) valid in an infinite domain and by simultaneously setting r(x, O',O)=0 for x belonging to the vacuum outside the scattering body. The analysis of the finite medium has thus been reduced to the study of an infinite but non homogeneous system.
In integral form Eq. ( 1 ) shall read (8) : ( 2 ) Let us now study the particular situation, already significant however and quite im portant for practical applications, of the linear anisotropic scattering and sources, i.e. we shall describe materials and sources for which we can write :
Employing Eqs. ( 3 ) and ( 4 ) in Eq. ( 2 ) and keeping in mind the definition of neutron net current, we easily get the two_ integral coupled equations for the total flux p(x)= J.
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It is trivial to verify that, for the particular case when m0(x)=0 everywhere, Eqs. ( 5 ) reduce to the classical integral form of the transport equation for the total flux and current in isotropical conditions.
The approximate model at which we are aiming may be deduced following, to a certain extent, what has been done in Refs. (2) and (10), by taking the formal tri-dimensional Fourier transform (11) of either Eq. ( 5 ) or Eq. ( 1 ), which in the case at hand takes the form :
This operation is possible since we are always treating infinite systems, eventually with a space dependent scattering function (12) to describe the vacuum, and it yields : ( 8 ) and successively, by means of two angle integrations of the above equation as it is and multiplied by O:
As already said, Eqs. ( 9 ) and (10) Through a suitable choice of the n-order integration parameter sets {mbn}and {pbn} such that (11) we can decompose 9.5 and J in terms of the new unknowns Fbn and Hbn that shall obey the following system of equations in the transformed domain : (12) Recalling Eqs. (11), (9) and (10) and explicitly noticing that Nn and Mn are approximations of N and M respectively, it is possible to foresee that pn and Jn shall give an n-order approximation to p and J. To be more precise and rigorous, we shall say a few words on convergence later on. The antitransformation of Eqs. (12) multiplied by (1+o2m2bn) will explicitly yield a form of the An approximation in the case of linear anisotropy and shall read : (13) Equations (13) above might be treated numerically, although some difficulties can be envisaged for the handling of the last convolution term of the second equation, when general geometries are to be studied.
However, fortunately, in many significant cases, further simplifications can be made possible and that will lead to quite interesting particular forms of the An approximation.
At first let us tackle the case of an infinite homogeneous medium : The second set of Eqs. (13) is unnecessary, as to simplify the first set, which gives the total flux, the continuity equation may be directly used, namely : (14) to uncouple it from the second set, explicitly :
Such a system of equations, as already anticipated, is essentially equivalent to a multigroup diffusion system with a proper correspondence of the coefficients and unknowns and where upscatter is provided for, due to the presence of the third term in the left-hand side.
Let us now refer to finite systems. We shall always use the technique of allowing a space dependence of the material parameters and passing to the infinite domain, which makes possible, for instance, the formal use of the Fourier transform, when needed. We shall restrict our attention to the particular cases of infinite slabs, axially infinite and azimuthally symmetric cylinders and radially symmetric spheres, with any material composition, which are, however, of large practical interest.
In such cases, the convolution term in Eq. (13) may be drastically simplified.
In fact, we can write : (16) Now, we assume the irrotationality of the anisotropic component S1 of the source, which is a datum of the problem, and we notice as well the irrotationality of the current J which stems naturally in the above geometries (deep theoretical investigations are now going on such an irrotationality and on its implications (13)). Furthermore, we can observe that, for the particular cases at hand, for geometrical symmetry reasons only, it turns out that Jn and n (g0m0) are parallel, so that we can finally conclude that in the formula above only the DPn shall be retained.
As a consequence, the second set of Eq. Thus we may finally write after some elaborations :
To obtain the first equations in Eqs. (18), it is possible to utilize the continuity equation (14) in (13) , to eliminate nJn, which appears there within nPn. On the other side, it is easily possible to see that Hbn can be expressed in terms of the functions Fbn. Let us explicitly compute the gradient of the first of Eq. (13) (observing that n(n,Pn)=DPn as a consequence of the above mentioned irrotationality situation, to which we have restricted our attention) and use it to eliminate nqn in Eq. (17) System (18) is valid in the infinite domain with position dependent material properties , once the above restrictions have been fulfilled, so that finite systems surrounded by vacuum may be treated by setting g0(x)=0 for x belonging to the vacuum itself . Instead of following that technique, finite systems may also be described restricting our attention to the finite body and imposing suitable boundary conditions upon the solution . Such a procedure is well known and has already been utilized for similar and other situations(2)(10) . To that end the boundary discontinuity of the derivative of each Fbn can be worked out in full detail(10) on a rigorous basis. To obtain an explicit form of the boundary conditions , use shall be made of the following integral form of the An approximation , which in its struc-ture is similar to the one into which it had been cast for the isotropic case (2) . Such an integral formulation may be obtained through a formal Fourier antitransformation of the first equations (12) , noticing that (1+o2m2bn)-1 is the Fourier transform of (e-i/PP)/(47:47,x) and making use of the convolution theorem :
Let us now multiply the first equations in (13) by the term exp (-|x-x'|/mbn) and integrate over the whole reactor volume V; keeping in mind that after some elaborations which involve the application of the Green lemma and recalling the above written integral form of the An method, we may at last obtain that It is thus necessary to work out the value of (an/an),, that is the value of the normal to the surface derivative on the vacuum side of the boundary, either solving the problem outside the domain of interest or suitably connecting this derivative value to the one on the material side (=Fbn/=n)i. And that can be done, as it follows. The principles of the derivation can be extended to any interface between two media having constant nuclear properties. Only for formal simplicity reasons we shall report on the case of a homogeneous medium (g0 and m0 constant) surrounded by vacuum (g0=0) where S(x, O)=0. Let si and s0 be two surfaces containing and contained in the convex domain V, respectively ; W is the volume contained between s0 and at, and let u(x) be an arbitrary C2 class function in W. When the first equation in Eqs. (18) is multiplied by u(x) and integrated over W, we obtain :
The application of the Green lemma to handle the first integral and of the Gauss theorem for the third one yields : n=outward to the surfaces normal unit vector. On passing to the limit for both s0 and si->pV , which means that W tends to the void set, the integrand of the integral on W being limited (excluding the case of the presence of a singularity of the source on the surface), the third integral above vanishes and, owing to the arbitrarity of u(x), we easily get on the surface :
Recalling the Jn equation in Eqs. (18) we can finally state that :
It is possible to notice that the presence of anisotropy introduces in the boundary conditions for a single FP, a cross link with the normal derivatives of all other Fe in which the total flux has been decomposed.
III . CONVERGENCE OF METHOD
Before concluding our theoretical layout of the method, we want to spend a few words upon the essential and significant problem of rigorously showing its convergence to the solution of the exact transport equation, at least for source injected problems and assuming a particular bound for the scattering function, that we shall evidence further on. In operator form Eq. ( 2 ) reads (21) where obviously p and 8 are defined by :
We shall show that in the An approximation Eq. (21) is substituted by :
The above equations (23) and take their Fourier transforms, noticing that the g2dOdr integration is perfectly equivalent to a dx integration on the whole space, and that the integrals here appearing belong to the convolution type, we easily get back to Eqs. (12) , which define the An approximation for the total flux and current.
The kernel of the integral in Eq. (24) is an approximation to the kernel exp (-g) in the first of Eqs. (22), as may be directly seen by taking its limit for n ->oo. 
we conclude that (37)
Going back to the norm II fi -"(5,,I1 and choosing a suitable R to discriminate the bounding relations (34) and (37), we are allowed to establish that :
The choice R=71-2" yields :
and (40) which, looking back to Eq. (29), implies the uniform convergence for the approximation"" i.e. :
and naturally (42) which concludes positively the task we had undertaken.
IV. RESULTS AND CONCLUSIONS
Before presenting a few results in order to have an idea of the performance of the model, it may be worthwhile to observe that approximation An is, in many cases, perfectly equivalent to other classical models. To be more precise, in plane geometry, An is equivalent to S2, as may be argued from Eqs. (18). Approximation 13, (diffusion) coincides with A" if the integration abscissas and weights are suitably chosen, namely u"=1/N/ and rii=1 (Gauss-Legendre integration). It is also easy to see how the approximation reduces to isotropic An once the limit for rio-o0 is taken of equations and boundary conditions. In such a case interesting correspondences may be established with all PAT approximations'").
Some results are now discussed. It can be concluded that the application of the method herewith proposed could become quite interesting for the neutronic study of multiplying structures in nuclear engineering. In numerical analysis there exists a lot of well tested and efficient algorithms, by means of which it might be possible to attack the second order differential system of equations into which we have just seen that the approximation may be easily cast. That could be of great advantage and lead to interesting developments. In this work we have only presented results concerning one dimensional finite homogeneous systems, for which quite a lot of simplifications are possible, as shown passing from formulae (13) to (18), although already of large practical interest. The detailed explicitation of the method, starting from (13), for geometrically more complicated and for multihomogeneous-regions systems relies within the prosecution of the present research work. 
